Abstract. Wetland complexes in Mediterranean deltas play an important ecological role, as they harbor a diverse flora and fauna with numerous specialized species. Intensification and expansion of agricultural land use, as well as increasing withdrawal of water over the past decades, has led to considerable habitat loss in many places. Although studies from temperate Europe have already demonstrated the conservation needs of wetlands, analogous data for the Mediterranean region are very scarce. The present paper analyzes spider assemblages of the Aladjagiola wetland complex and provides ecological descriptions of diversity patterns and assemblage structures. We aim to provide the first ecological descriptions of several species and effective data sets to characterize the ecological status of the wetland habitats investigated. Spiders were collected by pitfall trapping from April to July 2008 in seven habitat types: pseudo-maquis, dry grassland (short growth), dry grassland (long growth), fringes, reed belts, humid grassland and fallow land. Diversity (alpha and functional) and evenness were both found to be lowest in humid habitat types. Community structure was analyzed by non-metric multidimensional scaling. Humid habitat types harbored a distinct species assemblage comprising many hygrophilic species that could clearly be separated from all other habitat types. By means of generalized linear models, habitat preferences of numerous xerophlic, hygrophilic and photophilic species could be assessed. Our study demonstrated that especially humid habitat types are worth protecting.
Mediterranean deltas comprise a broad variety of habitat types (Hecker & Vives 1995) . Among them, coastal dunes and lagoons with salt marshes, as well as fresh-water habitats such as dynamic riparian gravel and sand banks, alluvial forests, lakes and adjacent wetlands play an important ecological role, as they harbor a diverse flora and fauna including numerous specialized species (Krcmar & Merdic 2007; Buchholz 2009 ). Most Mediterranean deltas have been heavily impacted by anthropogenic measures (e.g., drainage, water storage, salinization, grazing and pisciculture) and are thus highly endangered (Britton & Crivelli 1993) .
The Aladjagiola wetland complex is located in northeast Greece within the Nestos Delta, forming the westernmost part of the east Macedonian and Thracian wetland belt. Although covering a relatively small area (approximately 20 km 2 ), previous studies have consistently indicated high species richness within numerous taxonomic groups (amphibians and reptiles: Donth 1996; butterflies : Schumann 1996; spiders: Schrö der et al. 2011) . Despite their ecological relevance, the wetlands of the Aladjagiola have been subjected to a continuous intensification and expansion of agricultural land use over the past decades. Together with an increasing withdrawal of water, this has led to considerable habitat loss in the whole region (Mallinis et al. 2011) . Currently, the conversion of land and the alteration in water supply of the Nestos River are an immediate threat, which has led to an increasing desiccation of freshwaters and the adjacent wetland habitat types.
Invertebrates such as spiders are generally suitable early warning organisms and bioindicators. By studying invertebrate communities it is possible to assess the conservation value of certain habitat types, and several authors claim a more prominent consideration for conservation and biodiversity studies (Finch & Niedringhaus 2010) . In this context, analyzing assemblages and species-environment relationships can provide valuable data bases for nature conservation policies and habitat management guidelines (Buchholz 2010; Cristofoli et al. 2010) . Spiders have proven to be a suitable model group within a broad variety of ecological studies (Buchholz 2010; Schirmel et al. 2012) as they are abundant and species-rich, easy to sample and show distinct spatial and temporal habitat preferences (Entling et al. 2007; Schirmel & Buchholz 2011) . To date, ecological analyses of spider assemblages of eastern Mediterranean ecosystems are very scarce, and thus information on ecology and habitat preferences of many spider species is mostly missing. This paper analyzes spider assemblages of the Aladjagiola wetland complex. Apart from ecological descriptions of diversity patterns and assemblage structures, this work aims to provide effective data sets to characterize the ecological status of the investigated habitat types that could be used within the framework of conservation and both ecological planning and management. Authorities for scientific names appear in Appendix I.
STUDY AREA
Aladjagiola is part of the Nestos Delta and is located in East Macedonia, in northeast Greece, between 41u009 and 41u029N, and between 24u409 and 24u449E. It comprises an area of approximately 20 km 2 (Mattes & Lienau 1996) (Fig. 1) . The northern border of the Nestos Delta directly adjoins the southernmost part of the Rhodope Mountains. The study area is located northeast of the city of Chrysoupolis. The climate is Mediterranean with 600-700 mm annual precipitation and 16u C annual average temperature (Lienau 1989) .
Within the study area, dry habitats, mainly represented by patches of dry calcareous grassland within scattered pseudomaquis formations, as well as fresh water lakes with adjacent reed banks and humid meadows, form a diverse habitat mosaic. Habitat heterogeneity is additionally enhanced by diverse small-scale vegetation elements within the agricultural landscape, especially fringes and hedges along irrigation canals and arable fields. The biggest lake, Megali Limni, is thought to be a former lagoon that lost its connection to the sea during the delta developing process. Lakes and ponds in the western part of the study site are of anthropogenic origin as a result of intensive clay and sand mining, while standing water bodies near the Nestos River are assumed to have emerged from former oxbows of the Nestos River (Jerrentrup et al. 1989 ).
METHODS
Sampling.-Spiders were collected by pitfall trapping from April to July 2008. Pitfall traps measured 9 cm in diameter and were filled with a 4% formalin/detergent solution. The position of each trap (three traps per sampling site) was randomly determined, but minimum distance between traps was 5 m. Traps were emptied fortnightly. The investigations were conducted in seven main habitat types (pseudo-maquis, dry grassland -short growth and long growth, fringes, reed beds, humid grassland, fallow land), each with three replicates, resulting in a total of 21 sampling sites and 63 pitfall traps. For habitat description three environmental parameters were assessed once at the end of May (Table 1) . Vegetation structure [cover of herb layer (%)] was estimated in an area of 1 m 2 around each pitfall trap. The three measurements per sampling site were afterwards averaged. According to AG Boden (1994), soil humidity was estimated in the field and categorized into five classes: 1 5 dry, 2 5 slightly humid, 3 5 humid, 4 5 very humid and 5 5 wet. Shading was estimated as percentage of canopy openness and assigned to five shading classes: 1 5 no shading (0-20%), 2 5 low shading (20-40%), 3 5 moderate shading (40-60%), 4 5 high shading (60-80%) and 5 5 very high shading (80-100%).
Analysis.-Alpha diversity (number of species, Shannon diversity, Shannon evenness) was expressed as the number of species at each site. Shannon diversity and Shannon evenness were calculated using PAST (Hammer et al. 2001) .
Although species richness is usually the simplest and most intuitive measure for diversity within the framework of biodiversity and conservation studies, the use of functional diversity, which integrates information on life-history traits, has grown rapidly in recent years in ecological research (e.g., Violle et al. 2007) , since the realization that life-history traits play an important role in diversity (Vandewalle et al. 2010) . Functional diversity concepts can provide a useful approach to integrate biodiversity research into the broader context of ecosystem processes and functioning, and recently Schirmel et al. (2012) demonstrated that functional diversity of spiders is more sensitive than alpha diversity and therefore contributes valuable information for conservation.
Three functional diversity indices were calculated using the R environment package FD: functional dispersion (FDis), functional evenness (FEve) and functional divergence (FDiv) (Villéger et al. 2008; Laliberté & Legendre 2010) . FDis is a measure of functional richness, which considers species relative abundances by estimating their dispersion in a multidimensional trait space. In the following, we interpret functional dispersion as a measure for functional diversity per se. FEve combines both the evenness of trait distribution and the evenness of species relative abundances. The index is 1 if all species have equal abundance and if all the traits are evenly distributed in trait space, and it declines toward zero with Bell et al. 2005 , less common 5 genus listed, common 5 species listed). For body size (total body length), metric data (mm) were taken for females from Nentwig et al. (2013) .
For multivariate analyses, only dominant species occurring with frequencies of more than 3.1% per site were taken from the dataset of Schrö der et al. (2011) . Omitting rare species is an appropriate method to reduce statistical noise in the data set without losing much information. In order to analyze spider species assemblages, a non-metric multidimensional scaling (NMDS) using VEGAN and MASS packages was applied. Prior to the analyses, relative abundances of each species were square root transformed. The NMDS was based on the Bray-Curtis dissimilarity matrix of spiders. In search of a stable solution, a maximum of 100 random starts was used. After seven tries, two convergent solutions were found for a three -dimensional model. A permutational multivariate analysis of variance (MANOVA based on 10,000 permutations) was performed to assess the impact of habitat type and of soil humidity (as an analogue for habitat humidity) on species abundance distribution and assemblage separation.
Poisson generalized linear models (GLM) were applied to test the effects of environmental constraints (predictor variables: soil humidity, shading, vegetation cover) on species that occurred with more than nine individuals. To compensate for overdispersion, standard errors were corrected using a quasi-Poisson model. The residual deviance was used as a goodness-of-fit measure by calculating the pseudo R 2 (Zuur et al. 2009 ).
All statistical analyses were performed with R 3.0.1 (R Core Team 2013).
RESULTS
Significant differences among habitat types could be detected for Shannon diversity and evenness (ANOVA, F 5 6.8, P 5 0.001; F 5 4.6, P 5 0.007), although differences in species numbers were not significant (Table 2 ). Species assemblages of reed belts were less diverse (Shannon 5 2.11) than those of all other habitat types. Accordingly, evenness was lowest in reed belts (0.26). Functional diversity also differed significantly among habitat types (Table 2) . Functional dispersion and functional evenness were lowest in humid habitat types (FDis 5 0.26 and 0.24 for reed belts and humid grassland, respectively, ANOVA, F 5 7.1, P 5 0.001; FEve 5 0.59 and 0.60, ANOVA, F 5 5.2, P 5 0.004). Higher values were calculated for dry habitat types.
In total, 43 species out of 2,208 individuals were submitted to a multivariate analysis. The stress value for a threedimensional NMDS was 7.92. The scaling plot illustrated two distant habitat groups comprising clearly distinct spider species assemblages (Fig. 2) . Humid habitat types (reed, humid grassland) (on the right) were separated from more or less dry habitats on the left. Most abundant in humid habitat types were several lycosid species such as Arctosa leopardus, A. tbilisiensis, Aulonia kratochvili, Pardosa paludicola, P. prativaga, P. vittata, Pirata latitans and Trochosa ruricola as well as Oedothorax apicatus. Dry habitats were separated from pseudo-maquis, where Brachythele denieri, Harpactea babori and Scytodes thoracica were typical species. Dry grassland and fallow land sites harbored a similar species assemblage comprising numerous gnaphosid and salticid species; e.g., Callilepis cretica, Gnaphosa lucifuga, Nomisia exornata, N. ripariensis, Pellenes diagonalis, P. nigrociliatus, Phlegra fasciata, Trachyzelotes barbatus, T. lyonneti and Zelotes tenuis.
Soil humdity contributed significantly to species grouping, as indicated by the permutational multivariate analysis of variance (F 5 8.1, P , 0.001, R 2 5 0.29, 10,000 permutations). Accordingly, generalized linear models showed that most species responded significantly to soil humidity (Table 3) . Activity densities of wetland species such as Arctosa leopardus, Table 2 .-Spider diversity of habitat types pseudo-maquis (PM), dry grassland -short growth (DGs), dry grassland -long growth (DGl), fringes (FR), reed belts (RE), humid grassland (HG) and fallow land (FL). Alpha diversity is expressed as number of species (number of species), Shannon-Index and Shannon-Evenness (mean 6 SEM). For functional diversity, functional dispersion (FDis), functional evenness (FEve) and functional divergence (FDiv) were calculated (mean 6 SEM). Differences among habitat types were tested using one-way ANOVA (significance levels: *** P , 0.001, ** P . 0.01, n.s. 5 not significant). Pairwise comparisons were done using the Holm-Sidak test, and different letters indicate significant differences between groups at P , 0.05. Aulonia kratochvili, Pardosa vittata, Pirata latitans and Trochosa ruricola increased with increasing soil humidity, while those of xerophilic species (e.g., Harpactea babori, Nomisia exornata, Xysticus caperatus) decreased. Other environmental parameters were less influential, as only a few species were affected by either shading or vegetation cover. Of these, Pellenes diagonalis and Xysticus kochi responded negatively to increasing shading, while activity densities of Brachythele denieri increased.
DISCUSSION
Studies from Central Europe have demonstrated the importance of wetlands for the conservation of spider diversity (e.g., Weiss et al. 1998; Holec 2000), and Greenwood et al. (1995) showed that species diversity was higher in wetland habitats than in arable land. For the Mediterranean region analogous data are scarce, apart from very few studies that have assessed the conservation importance of reed beds (Schmidt et al. 2005) and freshwater habitats such as floodplains, river shores and humid grasslands (Buchholz 2009).
Spider assemblages of reed belts were less diverse than those of all other habitat types and showed lower evenness values, which indicate higher habitat dynamics and disturbance effects (Kratochwil & Schwabe 2001) . This is most likely related to temporal flooding, and it appears that humid habitat types are inhabited by a few specialized species. These show high abundances (e.g., Arctosa leopardus: n 5 554; A. tbilisiensis: n 5 245) and are able to cope with disturbance due Figure 2 .-NMDS plot based on spider densities (stress 5 7.92, three dimensions). Habitat type significantly affected compositional differences of assemblages (permutational multivariate analysis of variance, F 5 3.3, P , 0.001, R 2 5 0.69, 10,000 permutations). Abbreviations-sites: PM1-3 5 pseudo-maquis, DGs1-3 5 dry grassland, short growth, DGl1-3 5 dry grassland, long growth, FR1-3 5 fringes, RE1-3 5 reed beds, HG1-3 5 humid grassland, FL1-3 5 fallow land; -species: Alo.alb 5 Alopecosa albofasciata, Arc.leo 5 Arctosa leopardus, Arc.tbi 5 Arctosa tbilisiensis, Aul.kra 5 Aulonia kratochvili, Bra.den 5 Brachythele denieri, Cal.cre 5 Callilepis cretica, Dic.aru 5 Dictyna arundinacea, Dra.pra 5 Drassyllus praeficus, Gna.luc 5 Gnaphosa lucifuga, Hap.sig 5 Haplodrassus signifer, Har.bab 5 Harpactea babori, Hog.rad 5 Hogna radiata, Lio.str 5 Liocranoeca striata, Mal.nem 5 Malthonica nemorosa, Mec.peu 5 Mecophistes peusi, Nom.exo 5 Nomisia exornata, Nom.rip 5 Nomisia ripariensis, Oed.api 5 Oedothorax apicatus, Ozy.san 5 Ozyptila cf. sanctuaria, Par.cri 5 Pardosa cribrata, Par.pal 5 Pardosa paludicola, Par.pra 5 Pardosa prativaga, Par.pro 5 Pardosa proxima, Par.vit 5 Pardosa vittata, Pll.dia 5 Pellenes diagonalis, Pll.nig 5 Pellenes nigrociliatus, Phl.fas 5 Phlegra fasciata, Pir.lat 5 Pirata latitans, Scy.tho 5 Scytodes thoracica, Tha.atr 5 Thanatus atratus, Tit.fla 5 Titanoeca flavicoma, Tit.tur 5 Titanoeca turkmenia, Tra.bar 5 Trachyzelotes barbatus, Tra.lyo 5 Trachyzelotes lyonneti, Tra.ped 5 Trachyzelotes pedestris, Tro.rur 5 Trochosa ruricola, Xys.cap 5 Xysticus caperatus, Xys.koc 5 Xysticus kochi, Zel.atr 5 Zelotes atrocaeruleus, Zel.ilo 5 Zelotes ilotarum, Zel.ten 5 Zelotes tenuis, Zod.fre 5 Zodarion frenatum, Zod.mor 5 Zodarion morosum.
to flooding. Accordingly, functional evenness was lowest in reed belts as well as in humid grasslands. Although flooding was less common in humid grasslands than in reed belts, disturbance and habitat dynamics still affected species assemblages. With regard to functional evenness, lower values do not only indicate high habitat dynamics and disturbance effects, but also a less balanced niche occupancy (Schleuter et al. 2010) caused by the occurrence of rigorously hygrophilic species that occupy the same ecological niches. According to Villéger et al. (2008) both functional and species richness are closely related, and thus it is not surprising that humid sites had a lower functional diversity. In general, low functional diversity values can be explained by a lower number of available niches (Schirmel et al. 2012) , which results from very homogeneous reed belts that provide only a minimally diverse habitat structure.
Conservation importance of wetland habitats.-Humid sites harbored numerous hyrophilic species (e.g., Arctosa leopardus, A. tbilisiensis, Aulonia kratochvili, Oedothorax apicatus, Pardosa paludicola, P. prativaga, P. vittata, Pirata latitans and Trochosa ruricola). Species assemblages could be clearly separated from those of dry habitats that included mostly xerophilic and photophilic species such as Brachythele denieri, Harpactea babori, Nomisia exornata, Pellenes diagonalis, Scytodes thoracica, Xysticus caperatus and X. kochi. A number of studies from Central Europe have shown that wetlands harbor unique spider assemblages that show a high sensitivity to altered soil humidity conditions (Bell et al. 1999; Bonn et al. 2002) . However, due to lower precipitation and higher mean temperatures during the summer, effects on spider assemblages as well as activity levels might be much stronger in the Mediterranean region than in the temperate climate zone of Central and Northern Europe. Thus, the intensity of the anthropogenic impacts on the hydrological regime might be even more serious. In the case of the Aladjagiola wetland this would be crucial, since water withdrawal and consequent drying-out of freshwaters and adjacent wetland habitat types is highest by far during the summer (Taubert 1996) .
Our study demonstrates that especially humid habitat types that suffer an ongoing habitat loss are worth protecting, as they harbor a unique spider assemblage. Analyses also showed that numerous species were constrained by soil humidity. These rigorously hygrophilic species depend strongly on the occurrence of wetland habitat types. Thus, it is likely that with proceeding habitat loss, the wetland assemblages will disappear. In addition, hygrophilic species may decline or, if it comes to the worst, they may even become extinct. Data for conservation issues-including ecological descriptions-are mostly rare in the eastern Mediterranean region. This is a drawback since updated datasets are urgently needed to, firstly, assess the conservation status of certain habitat types and, secondly, provide a basis for nature conservation strategies and habitat management objectives. Therefore, our results have particular importance for the northeastern Greek wetlands, which belong to a region that is of nationwide conservation importance due to its landscape diversity and biogeographical uniqueness (e.g., Jerrentrup et al. 1989 ; Table 3 .-Responses of spider species to selected environmental variables analyzed by GLM. Whether or not the variable had a positive or negative effect on species activity densities is indicated by ''2'' for decreasing (negative) and ''+'' for increasing (positive) effect. Significance levels are indicated as ***(P , 0.001), **(P , 0.01) or *(P , 0.05). Abbreviated environmental predictor variables: soil.hum 5 soil humidity, cov.veg 5 vegetation cover. For a complete species list from Aladjagiola see Schrö der et al. (2011) 
